diac catheterization from a procedure performed in a few highly specialized laboratories for cardiovascular research to one performed in a number of interventional cardiac laboratories. The documents also have provided useful optimal resource guidelines. In the 1983 report similar standards for angiographic facilities were implied but never specifically stated, with the emphasis always on the heart. Nevertheless, the report mentioned angiographic facilities and considerable involvement by radiologists.
Just as cardiac catheterization has evolved, so too have peripheral and visceral angiography. Diagnostic angiography proliferated in the 1960s and the 1970s, "Optimal Resources for the Examination and Endovascular Treatment of the Peripheral and Visceral Vascular Systems" was approved by the Science Advisory Committee of the American Heart Association on June 16, 1993. Requests for reprints should be sent to the Office of Scientific Affairs, American Heart Association, 7272 
Introduction and Statement of Purpose
In the past three decades the role of the angiographic laboratory has progressed from diagnosis of disease by a study of the arterial and venous systems to definitive treatment of certain patients by endovascular means. These facilities have also been used for nonvascular interventional radiology: the diagnosis and treatment of nonvascular disease. However, optimal resources for peripheral and visceral angiographic and interventional facilities have never been formally examined.
During the past decade invasive vascular imaging studies (arteriography and venography) have achieved a new level of complexity and sophistication. With this high degree of specialization has come the need to design angiographic facilities capable of meeting the demands of current practice. This report describes the optimal angiographic facility in which peripheral and visceral vascular studies, both diagnostic and therapeutic, should be performed; this will also be the model for nonvascular procedures. The equipment and personnel requirements are unique and distinct from the requirements of a dedicated cardiac catheterization laboratory or neuroradiology facility.
In this report all aspects of a modern peripheral, visceral, and interventional facility are discussed. It is recognized that many existing facilities have developed slowly and do not meet these standards. These statements should therefore be viewed as recommendations only.
Every reasonable attempt has been made to seek opinions and guidance from the cardiovascular and interventional community and those with whom they most frequently interact. Although standards of practice documents touch on the equipment required for particular procedures, they represent minimum standards. This report describes guidelines for the optimal management of peripheral and visceral vascular disease and its interventional management and should serve as a model for future installations.
Operations Utilization
Complex diagnostic and therapeutic procedures should only be performed in rooms designed for this purpose. Optimal performance requires a caseload sufficient to maintain the skill and efficiency of the staff. Diagnostic quality may be compromised and procedures may be unnecessarily prolonged if physicians are not adequately trained in these procedures, thereby increasing risk to the patient and subjecting patients and staff to excessive radiation. The task force endorses the principle that procedures should be performed by trained personnel who maintain their skills. These matters have been addressed by several credentialing documents, most notably "Training Standards for Physicians Performing Peripheral Angioplasty and Other Percutaneous Peripheral Interventions,"6 an AHA intercouncil medical/scientific statement prepared by radiologists, cardiologists, and cardiovascular surgeons. In addition, the report "Guidelines for Performance of Peripheral Percutaneous Transluminal Angioplasty"7 was issued by the Society of Cardiac Angiography and Interventions to define standards for cardiologists performing peripheral angioplasty and was followed by "Recommendations for Peripheral Transluminal Angioplasty: Training and Facilities,"8 issued by the ACC. The Society of Cardiovascular and Interventional Radiology issued "Angioplasty Standard of Practice"9 and "Standards for Interventional Radiology."10 The latter report covers procedural standards for peripheral and visceral arteriography; peripheral, renal, and visceral angioplasty; and outpatient angiography. Both In 1983 the Intersociety Commission for Heart Disease Resources wrote of the compelling economic reason for the high utilization of facilities and suggested that the cost of laboratory radiology equipment be amortized over 5 to 7 years. 3 Although there has been little change in the life expectancy of major x-ray equipment since that time, the task force does not believe it is valuable to calculate amortization costs here but believes that the principle remains valid.
Patient Management
Ideally, procedures should be performed in a hospital, in a dedicated peripheral vascular and visceral interventional laboratory. The range of procedures involved seldom allows for the optimum management of patients in a free-standing facility, although selected procedures may be performed on some outpatients. Standards of practice for angiography10 and peripheral angioplasty9 12 have already been published. The most recent document, "Guidelines for Peripheral Percutaneous Transluminal Angioplasty of the Abdominal Aorta and Lower Extremity Vessels,"12 is an intercouncil AHA medical/scientific statement. The optimal standards of care are summarized below.
Preprocedural care. A note should be written in the patient's record summarizing indications for study, pertinent history, physical findings, and indications for the procedure. The patient's medications, history of allergy, relevant medical and surgical history, and any vascular risk factors, including smoking, hypertension, and hyperlipidemia, should also be noted.
A physical examination should be performed, including a detailed vascular examination and a general examination of sufficient detail to exclude concurrent acute illnesses. For patients with chronic lower extremity atherosclerotic disease, noninvasive flow studies, including ankle-brachial systolic indexes and pulse volume recordings, should be performed and the results recorded.
Informed consent must be obtained from all patients and documented and must include indications, risks, and alternatives. Surgical consultation may be advisable for many interventional procedures, and it is preferable that decisions about therapy be made in consultation with all physicians involved. In emergencies, when informed consent cannot be obtained from the patient or a family member, individual hospital policies should be followed. These customarily require written statements by the patient's physician, countersigned by a hospital officer, that the procedure is indicated.
Laboratory evaluation may be necessary, including measurement of hemoglobin, hematocrit, creatinine, electrolytes, coagulation parameters, and electrocardiogram, as well as blood lipids when applicable.
Procedural care. All patients should undergo cardiac monitoring continuously during the procedure, with intermittent blood pressure monitoring. A record of vital signs should be maintained.
All patients should have secure intravenous access for the administration of fluids and medications as needed.
If the patient is to receive conscious sedation, pulse oximetry or end-tidal carbon dioxide monitoring should be used. A registered nurse whose primary responsibillar Surgery issued a report entitled "Endovascular ity is to monitor the patient should be present. Records should be kept of medications given, including doses and times of administration, in conformance with hospital policy.
During intravascular studies continuous pressure measurement should be available.
A physician should be available during the period immediately after the procedure to ensure that there is adequate compression at the puncture site and that the patient is stable before transfer to the postprocedure care area. Initial stabilization is best provided in a recovery area adjacent to the angiography suite by nurses familiar with the procedures performed.
Postprocedural care. A physician's procedure note should be written in the patient's chart summarizing the major findings of the study and any immediate complications.
All patients should be confined to bed rest and observed after the procedure. Depending on the site and size of the vascular puncture and the risk factors, bed rest may be required for up to 24 hours. During the first 4 to 6 hours after the procedure, skilled nurses or other appropriate staff should periodically monitor the puncture site and the status of the pulses distal to the puncture site. The patient should be monitored for urinary output, cardiac symptoms, pain, and other indications of systemic complications; this period may be extended for the full 24 hours of bed rest.
The patient's initial ambulation must be supervised. Vascular perfusion, puncture site stability, and independent patient function and mobility must be ensured.
When either treatment or vascular access requires catheter manipulation in the thoracic aorta or brachiocephalic vessels, the neurologic status should be assessed periodically.
The operating physician or a designate should evaluate the patient after the procedure, and the findings should be summarized in a progress note. The physician or designate should be available for continuing care during hospitalization and after discharge.
Selection criteria for short-term observation. The duration of observation after the procedure must be decided on an individual basis. Diagnostic arteriography may be performed on some patients with only a short period of postprocedure observation (less than 8 hours) before they go home. Other patients require overnight care. Short-term observation may be considered when all of the following conditions can be met:
1. The patient should be capable of independent ambulation before the procedure and must have demonstrated stable independent ambulation after the procedure. Alternatively, a nonambulatory patient should have assistance after discharge from the hospital that is adequate to provide care as needed.
2. The patient must be able to follow instructions and detect changes in symptoms. Alternatively, patients with impaired mental status should have assistance adequate to provide care as needed after discharge from the hospital. 3 . A responsible adult should be present during the first night after discharge from the hospital. 4 . The patient should be free of concurrent serious medical illness that might contribute to a significantly increased risk of complications. 5 . The patient must have recovered from the effects of sedation. 6 . Travel time to the hospital or another acute care facility from the place where the patient is to spend the first night after the procedure should be reasonably brief.
7. The patient should have transportation to and from the hospital.
Contraindications to short-term observation. Several factors must be considered in determining the length of skilled nursing care needed after the procedure. Some of the relative contraindications to short-term observation are listed below. This list is not meant to be comprehensive, and any clinical circumstance that might predispose the patient to a significant complication should prompt overnight admission:
1 The number of catheters, wires, and devices required for angiography and interventional procedures continues to increase rapidly. Not only is significant storage space required (see "Department Layout"), but an inventory control system is rapidly becoming necessary. Such a system must take into account expiration dates of catheters and guidewires. Some equipment will need to be resterilized, and facilities for cleaning and gas sterilization should be available.
Staffing Physician Staff
Peripheral vascular and interventional facility director.
and leadership qualities necessary to control the laboratory environment. The director should be board certified in his or her specialty and fully trained in cardiovascular and interventional procedures. Recently appointed directors should be fellowship trained and thoroughly experienced in performing the procedures specific to the laboratory. The director will supervise the procedures performed in the section and will be responsible for directing the laboratory. The director should be responsible for the quality assurance program. A continuing education program should be maintained, and CME attendance should be documented. Attending staff. All physicians credentialed to operate in the laboratory (including the director) should have met the training standards recently developed by the involved specialties for physicians performing peripheral angioplasty and associated percutaneous peripheral interventions. In sum, these involve board eligibility or certification and require qualification by training in a fellowship program or documented experience.6-8.11 Staff physicians should spend enough time doing procedures to fulfill the obligations of the laboratory and should perform a sufficient number of procedures to maintain proficiency and competence. [6] [7] [8] 11 Staffing should be appropriate for the caseload, with adequate emergency coverage. Many procedures may require the presence of two staff members. The staffing level should be sufficient for consultation with clinicians and completion of the caseload within the limits of reasonable radiation exposure. The facility should have a caseload sufficient to meet the credentialing requirements for staff and any trainees.
Fellows. Fellowship training is recommended for all practitioners participating in these procedures. Fellows should only be trained at facilities with caseloads sufficient to meet the requirement of the appropriate credentialing standards and standards of practice documents. [6] [7] [8] [10] [11] [12] Residents. It should be the goal of the peripheral vascular and interventional section to provide residents with the opportunity to master general diagnostic angiography in the peripheral vascular and visceral areas. Residents must be closely supervised by the laboratory director or a designated staff member. Training facilities for residents should meet the appropriate credentialing standards. [6] [7] [8] 11 Nursing Staff
It is recommended that facilities performing peripheral vascular, visceral, and interventional procedures should have a minimum, per room, of one full-time registered nurse with special training in critical-care nursing. Nurses should be fully conversant with intravenous techniques, patient monitoring, including electrocardiography and pulse oximetry,31 and intravenous sedation, analgesia, pressure measurements, and other pertinent laboratory procedures. The nursing staff should be responsible for maintaining records of patients' vital signs, medication logs, and drug inventory records.
Technical Staff
Technologists working in the peripheral vascular and interventional laboratory should be registered and certified radiologic technologists with additional training in
The director should be a physician with the experience angiographic and interventional procedures. T-he by guest on August 17, 2017 http://circ.ahajournals.org/ Downloaded from rapidly changing nature of the specialty requires that technologists receive additional continuing education by the facility director or physician staff. The technologist staff should be under the direct administrative supervision of a chief technologist who has sufficient experience to manage and train the staff. All technologists working in the laboratory should have a good working knowledge of the inventory and specialized equipment.
Service Support Personnel
Service support personnel should maintain and record in a service log the preventive maintenance schedule on all radiographic equipment in the angiographic and interventional laboratory. Service personnel should be under the direction of the medical physicist and the facility director.
Medical Physics Staff
Image quality, radiation safety, and all quality control data should be reviewed at least annually by a medical physicist with special expertise in diagnostic imaging. The medical physicist should be board certified in diagnostic medical physics by the American Board of Radiology, or diagnostic imaging physics by the American Board of Medical Physics, or possess equivalent qualifications.
Computer Scientist
Computers are playing ever-increasing roles in diagnostic imaging, and it is essential to ensure that computer-generated data are correct. Any modifications to software, or software written for a specific application, must be thoroughly evaluated in accordance with procedures similar to those required by the Food and Drug Administration for software verification and quality assurance to ensure proper performance. In addition, the computer scientist, in cooperation with the medical physicist, should test any software providing quantitative data from medical images to ensure the accuracy of the data.
Architecture
Depending on the size of the institution, one or several peripheral vascular and interventional laboratories will be required. The facility should be selfcontained, with the laboratories and support space constituting a definable entity.
Department Layout
Laboratory. An A comfortable environment, in terms of both temperature and humidity, should be maintained. The humidity must be maintained between 45% and 55% to prevent static discharge problems on the films and to ensure that the film transport systems function properly.
Equipment X-ray Stand
The stand should be a C-or U-type, able to rotate around the patient in both the axial and sagittal planes. The stand should be motor driven, and the angle in each plane should be displayed. Manual override is essential. The mounting should be counterbalanced with the ability to vary the source-to-image receptor distance. Locks should be provided. The C-arm should be a size sufficient for easy access to the patient and should allow performance of procedures from the jugular vein or the axilla as well as the customary femoral and peripheral access sites. The stand should swing away from the patient for access in an emergency. The C-arm should be mounted with a 14-in (36-cm) or larger image intensifier interfaced with a video camera. At present a film changer should be mounted on the stand; in the future this will almost certainly be replaced by digital filming. A 100-mm or 105-mm camera coupled to the image intensifier significantly decreases both the radiation per film and, typically, the study time but increasingly is being replaced by modern digital units. 
Image Receptors
Angiographic and interventional laboratories need rapid serial film imaging and, for peripheral studies, a "stepping" top table or C-arm or an additional long-leg film changer.
Digital imaging technology has become increasingly important in the past few years. With the introduction of high-resolution gray-scale imaging digital systems, far superior to first-generation units, this technology has been increasingly accepted as a standard feature in current diagnostic and interventional laboratories. Almost every unit sold today is equipped with digital equipment. The real-time availability of digital images without the delay of conventional film processing is a major advantage, and there will be additional benefits when digital manipulation and transmission become readily available. The remaining obstacle is digital archiving, and it is likely that in 5 years, if not before, an all-digital laboratory will be feasible.
Nevertheless, for the present, a serial, large-film capability is essential. Even if digital imaging is to be used, 14 in (36 cm) is the minimum diameter recommended for the image intensifier. Sixteen-inch (41-cm) intensifiers are currently available, and larger intensifiers are being developed. The width of the pelvis and the length of the peripheral vascular system make multiple injections necessary to cover the whole system. A 9-in (23-cm) intensifier would impose a significant additional contrast load and an increased radiation dose, both to the operator and the patient. If a 9-in intensifier is to be used for fluoroscopy, the imaging requires a rapid serial film changer and film screen Because a superficial femoral artery occlusion may back-fill via collaterals, and because delayed filming may than it appears on images made on a moving-top table, long-leg changers are advantageous because they film the whole of the extremity with each exposure. A suitable compensation filter system should be used to minimize density variations when filming the legs. A modern system uses rotating vanes. The disadvantages of long-leg changers are the lack of available collimation (and hence increased scatter), the size of the device, and the requirement of an additional x-ray tube.
Image Intensifier
The image intensifier should be of the large-fieldof-view (14 to 16 in) (36 to 41 cm) variety with three or four modes of magnification. The input phosphor should be cesium-iodide with a titanium window to reduce radiation dose. The conversion gain should be greater than 250 candelas per meter squared per milliroentgen per second measured at 80 KVP (kilovolt peak). The spatial resolution should be at least 2.5 line pairs/mm in the 14-in (36-cm) field of view, 3.3 line pairs/mm in the 9-in (23-cm) field of view, and 4.6 line pairs/mm in the 6-in (15-cm) field of view. Vignetting and nonlinear distortion should be minimal. The image intensifier should be able to visualize a 1/16-in (1.6-mm) hole in a 1-mm aluminum plate contained within a 38-mm-thick aluminum penetrameter. The contrast ratio of the intensifier should be at least 20:1. The veiling glare should be greater than 85%. The system should have automatic brightness control.
Television Chain
Ideally, both the television camera and the monitor should display 1000 raster lines per frame. Flicker-free, high-refresh rate systems are reaching production. The spatial resolution should be equal to or greater than 1.2 line pairs/mm in the 14-in (36-cm) mode, 1.8 line pairs/mm in the 9-in (23-cm) mode, and 2.6 line pairs/mm in the 6-in (15-cm) mode. Television monitors should measure 17 in (43 cm) or more on the diagonal and should have an antiglare coating. The signal-tonoise ratio for the television camera should be more than 1000:1. The system should have a frequency band pass of at least 20 MHz. Lag should be limited. The system should have circular blanking, white compression, dynamic range compression, and uniformity corrections. Digital Subtraction and Acquisition Digital imaging capabilities should be included in all peripheral vascular and interventional suites.
The system should have a 1024x1024 image matrix and a monitor capable of displaying this matrix. The system should also be able to display compressed images on a 512x512 matrix. It should be operable in both the fluoroscopic and pulsed radiographic modes with scanned progressive readout and should have a freezeframe mode. The system should be able to acquire and display at least five frames per second in the 1024x1024 mode. Data storage and display should be available in both linear and logarithmic format with a minimum of 10 bits/pixel storage from the analog to digital con The digital monitor is a good location for the display of additional information such as intraluminal ultrasound. In the future, simultaneous viewing of multiple images from different modalities will become commonplace. This will be developed first at the workstation, but it will also be desirable in the procedure room.
Beam Modification Devices
Grids. Standard grids prevent some of the scattered x-rays from entering the image intensifier, so the patient entrance exposure must be increased by a factor of about two to compensate for the loss of these photons. The additional radiation also results in about twice the additional scatter radiation exposure to the operator. For this reason it has been suggested that grids be removed for patients in whom the scatter radiation does not significantly degrade image quality and in whom the highest quality fluoroscopy is not required. Two pressure channels and two ECG channels should be available, and a strip chart readout is desirable, as are a junction box and underfloor cabling. Currently, the waveforms are displayed on a separate oscilloscopic monitor. Ideally, they should be displayed full size on the fluoroscopic monitor when it is not in use and should be compressed to the bottom of the monitor when fluoroscopy is on. Intravascular Imaging Intravascular ultrasound. Intravascular ultrasound has been demonstrated to provide accurate diagnostic information about atherosclerotic occlusive disease.35 By proboth high resolution and contrast can benefit from the viding real-time, two-dimensional, cross-sectional images of the vessel wall, it allows better determination of the extent of disease and the true extent of luminal compromise.36 Intravascular ultrasound provides detailed differentiation of the vessel wall layers, a unique characteristic.37 It also may allow more accurate determination of the end point in complex interventions such as percutaneous atherectomy and intravascular stent deployment. 38 Images may be further enhanced by three-dimensional reconstruction. Accurate measurements of luminal diameter and cross-sectional area may be made with intravascular ultrasound, and there is promise of further development of tissue characterization.
Although the technology has improved rapidly, the limitations of intravascular ultrasound include the prolonged catheter time and the additional expense of catheters and capital equipment. The technology is a useful adjunct to angiographic equipment and, though not essential, it is probably desirable for the optimal environment.
Angioscopy. Some investigators feel that the use of percutaneous angioscopy can be beneficial. The miniaturization of fiber-optic devices has produced catheters as small as 4Fr. The advantages of angioscopy include visualization of the luminal surface, differentiation of thrombus from plaque, and the ability to directly guide endovascular devices.
Visualization is dependent on the displacement of blood, which is generally accomplished by a continuous, high-volume fluid infusion. This can result in the use of a high volume of fluid, which limits the visualization time. Because optimal visualization occurs in an occluded environment, angioscopy has only limited applications for percutaneous procedures.
Continuous Quality Improvement

Personnel
The Joint Commission on the Accreditation of Health Care Organizations mandates that every health care institution have an ongoing quality improvement program to monitor itself and ensure that a high level of quality care is provided. The A qualified person should assume responsibility for the monitoring and evaluation of quality in the department. Although the overall responsibility must rest with the physician, he or she may delegate duties to appropriate technologists, nurses, or administrative staff, who in turn must fully incorporate the interventional program into the remainder of the hospital's quality improvement efforts.
The person responsible for quality assurance must identify important aspects of care related to the procedures performed that have measurable outcomes: eg, the success rate of crossing and performing a primarily successful angioplasty. These data should be collected not only for the whole department but for each physifollow-up.40 Suitable reporting standards have been described for peripheral vascular disease. 41 The department should also identify complications pertinent to a particular procedure (eg, hematoma formation after catheterization as well as other relevant morbidities) and, again, report these not only for the whole department but for each operator.
These data should be collected from the facility and compared with national norms. In many instances these have been established by standards-of-practice documents so that standards may be set for the performance of each physician and the department as a whole.12 Another relevant document provides guidelines for establishing a quality assurance program in vascular and interventional radiology.35 It expands considerably on the comments above. Most standards-of-practice documents allow sufficient latitude to permit local adjustment to reflect regional practice differences. With this information, the practitioners and personnel in the facility may compare their performance to outside norms so that care can be improved and this improvement documented.3942
Database software to aid in gathering information for the assessment of quality is becoming increasingly available, and some medical organizations have developed peer programs tailored to the needs of interventional departments. Such databases should be considered a supplement to the presence of appropriately trained personnel with a commitment of medical staff leadership to support the assessment and assurance of quality care. Equipment Quality control charts should be maintained on the x-ray equipment and photographic processors because this method of data recording allows for early detection of drifts in operating levels. The responsible staff radiologist and technologist should review these data at least quarterly with the people collecting and interpreting data. In addition, all quality control data should be reviewed by the medical physicist at least semiannually.
The responsible technologist should be familiar with the National Council on Radiation Protection and Measurements (NCRP) document entitled Quality Assurance for Diagnostic Imaging Equipment43 and with the types of quality control tests that should be performed, the frequency of those tests, and a general idea of quantitative data that should be considered "reasonable."
Photographic processors. Daily sensitometric testing of the processor should be performed to ensure proper and consistent film processing conditions, and a quality control chart should be maintained to detect subtle changes and drift in the film processing conditions. Weekly cleaning and regular preventive maintenance should be performed.
X-ray equipment. 
Mechanical
Mechanical safety checks must cover all aspects of every piece of equipment in the vascular and interventional facility, and defective equipment should be replaced immediately. Safety checks should be reviewed at least annually by a qualified medical physicist.
Radiation Safety
Because no exposure to ionizing radiation can be considered absolutely safe, the National Council on Radiation Protection and Measurements has established guidelines for occupational radiation exposure that are encompassed by the phrase "as low as reasonably achievable."44 Furthermore, the council has established guidelines for maximum permissible occupational exposure levels.45 There are no maximum dose limits for patients undergoing diagnostic studies using ionizing radiation, because the immediate medical benefit is assumed to outweigh the potential radiation risk. 45 The interests of optimum radiation safety, however, are best served when the vascular and interventional laboratory operates under the "as low as reasonably achievable" philosophy with respect to both patient and personnel exposure. 46 The cornerstones of minimizing radiation dose are minimizing exposure time, maximizing distance from the x-ray source, and using appropriate shielding. For angiographic and interventional radiologic procedures, however, in which fluoroscopy is used extensiveiy, distance cannot be altered much: the patient must be close to the x-ray tube and the primary operating physician must be close to the patient. Therefore, in practice, optimization of radiation safety in the peripheral and interventional laboratory means minimizing fluoroscopy time and maximizing shielding.
Minimizing Radiation Dose to the Patient
The key to minimizing patient radiation dose is to limit the amount of radiation, particularly fluoroscopy,47 needed to accomplish the interventional procedure. Anything that contributes to decreased exposure time, decreased exposure rate, and decreased exposure area will contribute to decreased radiation dose to the patient.
Specific equipment features. NCRP recommendations for the design of structural shielding48 and x-ray equipment49 should be followed. A spacer should be affixed to the output side of the x-ray tube to prevent the table (and patient) from resting directly on the x-ray source. The grid should be detachable and should be removed for procedures that do not require high spatial resolution. Pulsed progressive fluoroscopy, which can decrease patient radiation dose by 30% to 50% compared with standard continuous fluoroscopy, should be available. Last image hold of the fluoroscopic image, as well as rotating lead collimators with manual hand controls within easy access of the operator, should be standard.
Federal regulations regarding maximum fluoroscopic radiation exposure rates must be followed. If high-level control fluoroscopy is available, activation should require specific, separate initiation by the physician; activation of high-level control fluoroscopy by a single two-stage foot pedal is not advisable.50 Activation of this fluoroscopic mode must be accompanied by a continuous audible signal, and the output of the x-ray tube in high level control fluoroscopy mode should be closely monitored and measured and should not exceed 20R/min.
A cumulative monitor of fluoroscopy time should be present and located in a position easily seen by the primary operator. The fluoroscopy time monitor should continuously emit an auditory signal at 5-minute intervals of elapsed fluoroscopy time until reset. Equipment maintenance. All equipment items in the imaging chain should be maintained in optimal working order. This serves first to ensure the highest possible fluoroscopic image quality which can, in turn, contribute to lowered patient dose by resulting in decreased fluoroscopy time and decreased need for filming. In addition, equipment maintenance can ensure that optimum imaging is being accomplished with the lowest possible radiation output.
Endoluminal equipment. Radiopacity should be one consideration in choosing catheters, guidewires, and other devices for use in interventional procedures. Use of endoluminal tools that are not easily seen on the fluoroscopic image can contribute to prolonged fluoroscopy time.
Operator-controlled factors. All angiographic and interventional physicians must have documented training in radiation physics, radiation biology, and radiation safety. All angiographic and interventional physician trainees should practice only under the supervision of a fully qualified pbysician. In addition, all physicians should be familiar with the specific features of each piece of x-ray equipment they use to minimize patient and operator dose.
Record keeping. Ceiling-suspended leaded glass shields. Each room should be equipped with a ceiling-suspended leaded acrylic shield (providing at least 0.5 mm lead equivalent protection) that can be placed in front of the operator's face. This can be used in addition to, or instead of, other head and neck shielding. The boom should be mounted on a ceiling track, available for use on both sides of the table as well as at the head. The angiographic and interventional laboratory director should be consulted about the design and placement of the shield at the time the room is being designed. These items are frequently underused because they do not serve the needs of the operating physicians with respect to flexibility of placement and angulation. 53 Other leaded shields. Leaded acrylic shields (providing at least 0.5 mm lead equivalent protection) that can be moved around the floor on wheels should be available.58,59 Appropriate storage racks for lead aprons, thyroid collars, glasses, and face shields should be available in or in close proximity to the laboratory. A regular schedule should be followed to check lead shielding devices for cracks. Defective shielding items should be repaired or replaced promptly.
Personnel dosimetry. Radiation safety is best managed when the radiation safety officer understands angiographic and interventional procedures and is considered an integral part of the team.
State regulations on personnel dosimetry, including location of dosimeter badges, must be followed. All personnel who work full-time or regularly in the laboratory (eg, anesthesia staff) must wear at least one assigned film badge or thermoluminescent dosimeter. The badges should be read monthly and the results reported to the workers. Doses that exceed monthly or quarterly maximums should be investigated by the radiation safety officer.
Ring badges should be available on request and are recommended for physicians who exceed monthly or quarterly radiation exposure limits as measured by the collar dosimeter. If a ring badge is worn, it should be on the hand usually closest to the primary x-ray beam.
The pregnant worker deserves special consideration with regard to occupational radiation safety. (See above for recommendations for lead apron use.) It is the responsibility of the worker to notify the laboratory director and the radiation safety officer of her pregnancy. It is possible to ensure that the fetal radiation dose remains well below the NCRP maximum permissible doses of 5 mSv for the entire gestional period and 0.05 mSv/mo.52 According to Title VII of the 1964 Civil Rights Act, a pregnant worker cannot be forced to alternatives.) discontinue her standard duties. 60 However, the laboby guest on August 17, 2017 http://circ.ahajournals.org/ Downloaded from ratory director and the radiation safety officer must remain sensitive to the fact that personal perception of risk varies, and good-faith attempts should be made to modify the pregnant worker's duties in accordance with her risk perception if she requests a change in her job description during pregnancy. An under-apron waist dosimeter should be provided to the pregnant worker to document skin dose and provide information about her actual exposure levels.
Because angiographic and interventional procedures account for some of the highest occupational exposure levels,6' personnel dosimetry practices in the interventional laboratory may exceed state regulations. Each worker should wear two badges -one at the collar outside the lead apron to register the approximate head/neck dose and one under the apron at waist level to register approximate gonadal dose. The readings of the two badges can be used to estimate62.63 total body effective dose equivalent as recommended by the International Commission on Radiation Protection.64 Effective dose equivalent calculations provide a way to relate the risk from partial body exposure to equivalent wholebody dose. Therefore, effective dose equivalent calculations may provide a more accurate estimation of radiation risk to partially shielded workers than does the dose to a point dosimeter. In the future, estimated effective dose equivalent rather than point dosimetry (ie, collar badge readings) may be used for monitoring by state regulatory agencies.
Recommendations for occupational exposure to low linear energy transfer radiation are evolving as a result of a report in which it was concluded that the ill effects of low linear energy transfer radiation are two to four times more significant than was previously believed. 65 The ICRP has lowered its recommended maximum yearly total body effective dose equivalent from 50 mSv/y to 20 mSv/y for people whose occupations expose them to radiation.64 NCRP recommendations on permissible occupational exposure44 are used as guidelines by state regulatory agencies in the United States, but not all states have produced legislation in response to this new information. Nevertheless, meticulous attention to radiation safety issues is becoming increasingly important in the practice of angiographic and interventional medicine, and the requirements for optimum resources may change as regulations change.
